Based on the panel data of 40 Commercial Banks in China during 2006-2014, this paper makes an empirical study on the relationship between shadow banking, interest rate marketization and bank risk-taking by using the system GMM model. The study found that the development of the shadow banking and the interest rate marketization is conducive to the diversification of banks' business, thereby reducing the risk of banks. The study also found that "too big to fail" and periodic are the characteristics of commercial bank risk.
Introduction
Interest rate marketization has always been the core of financial liberalization, is also necessary for China's financial reform. In June 1996, the central bank deregulated the interest rates of inter-bank lending market, by letting trading partners to determine their own interest rate according to the market. And from then on, the market-oriented reforms of interest rates began in China. From 2004 to July 2013, China has gradually deregulated the loan interest rate, cancelled the lower limit of the lending rate, and allowed deposit interest rate to float up to 1.1 times from the benchmark interest rate. Since the acceleration of the market-oriented interest rate reform and the regulation on traditional credit business, the Chinese commercial banks start their own shadow banking business.
Unlike the most developed countries, the shadow banking has been closely linked to traditional commercial in China since it arose. With the deepening contradiction between the commercial banks' lending demand and the supervision of regulator, banks with higher risk appetite started to make loans to economic entities through shadow banking business. 
Literature Review and Hypotheses

Literature Review
Many scholars have made a research on the relationship between interest rate liberalization and bank risk. Demirgüç-Kunt & Detragiache (1998) believes that there is a significant positive correlation between the interest rate liberalization and commercial bank crisis. But if the institutional environment like legal constraints and the efficiency of government regulation supports interest rate marketization reform, the possibility of bank crisis caused by interest rate marketization reform will significantly reduce. Angkinand et al. (2010) found the relationship between the degree of financial liberalization and bank risk pictures a reverse U-shape, and it depends on the strength of capital regulation to a large extent. Borio & Zhu (2008) pointed out the low interest rate will reduce the risk tolerance of banks, which is conducive to enhancing the level of risk-taking. According to Delis & Kouretas (2010) , whose paper was based on the data of the bank in euro area of the year of 2001-2008, low interest rate level will increase the level of bank risk-taking. With the increase of the capital ratio, the influence of interest rate on bank risk assets will reduce, besides, it will improve the impact on the asset of off-balance sheet. As for China, Porter et al. (2015) stated that interest rate liberalization reform in China needs to improve the level of deposit interest rate, which is conducive to improve the effectiveness of investment. And it will make more and more funds flow to SMEs and the real estate industry, but it may also bring risk some large commercial banks. found that the cancellation of the interest rate cap could lead to a periodic operating risk. Zuo et al. (2014) found that the deposit interest rate marketization may reduce capital ratios, but not increase the banks' risk through empirical research. Unlike Zuo's research result, Peng et al. (2014) believe the deposit interest rate marketization will increase the risk of bankruptcy and non-performing loans, and is not conducive to raising capitalization from the data of urban commercial banks.
Shadow banking system is also the focus of academic research in recent years.
Western researchers believe that the shadow banking is a kind of financial intermediation of transforming term, credit and liquidity, which get much liquidity with little capital by amplifying leverage, and it will result in a huge bubble of capital market crisis (Gorton et al., 2010; Pozsar et al., 2013) . Gorton & Souleles (2007) , Minton et al. (2004) believe that shadow banking can reduce bank risk.
Because the bank not only transfers part of bank credit risk to external investors, but also makes the risk shared by the whole capital market through asset securitization. It also helps banks improve their liquidity. Some other scholars pointed out when banks spread risk through asset securitization and other off-balance sheet business, it reduces the bank's capital adequacy requirements on the one hand, and increases the system risk on the other hand (Iori et al., 2006; Gennaioli et al., 2010) . Most of the scholars in China studied in the shadow banking business through the shadow banking crisis transmission mechanism and the effect on the financial stability (He et al., 2009; Mao & Wan, 2012) . Ding (2015) found that the development of the shadow banking can boost the profitability of commercial banks in next year. Zhu et al. (2016) found that the larger the size of shadow banking business, the greater the operational risk facing by the commer- 
Theoretical Analysis and Hypotheses
With the gradual reduction of deposit rate, banks' profitability which relies on traditional credit business weakened. In order to get rid of the single source of income constraints, banks actively develop intermediary business. Therefore, the source of income has become increasingly diversified, and it will help alleviate the fluctuation of income. The release of the loan interest rate lower limit promotes the careful pricing of the credit assets and the effective competition of the industry, weakens the problem of adverse selection and moral hazard, and is helpful to alleviate the credit risk of the bank. In a short time, interest rate marketization may affect the bank's income, but it will prompt banks to innovation, and ultimately rich banks' business structure, reduce the risk of banks. Therefore, this paper proposes the hypothesis:
H1. There is a negative correlation between bank risk and interest rate marketization, that is, the higher the level of interest rate marketization, the lower the bank risk.
The development of shadow-banking business increases the loan supply, reduces the loan interest rate, enriches the bank's business structure, and improves the profitability of banks in the long run. And the improving of the banks' prof-itability is conducive to enhance their ability to lower risk. This paper proposes the hypothesis:
H2. The development of shadow-banking business is conducive to reducing the bank's risk-taking level, that is, the larger the size of the shadow banking business, the lower the level of bank risk-taking.
Sample and Variables
Sample
The 
Variables
Dependent Variables
According to the research on the bank risk-taking, the common indicators include Z-score, non-performing loan ratio, earnings volatility, capital return and expected default probability. This paper will choose the Z-score as the measurement of risk-taking, and use the data processing method of Zhang & Wang (2012) . The Z-score is defined as follow:
where ROA is the average return on total asset for three years, CAR means the average capital adequacy ratio for three years, and σ indicates that the standard deviation of the return on total asset for 3 years in a row (from t − 1 to t + 1). As a measure of bankruptcy risk, the greater the Z-score is, the smaller the bankruptcy risk is.
Explanatory Variables 1) Shadow banking business
Following the research of Zhu et al. (2016) , this paper will use the ratio of Re- 2) Interest rate liberalization Zuo et al. (2014) and other scholars suggested that the constriction of NIM (net interest margin) can effectively reflect the interest rate marketization level.
Therefore, this paper measures the level of interest rate liberalization by NIM.
NIM LIR DIR = −
where LIR is the actual lending interest rate (bank's interest income divided by total earning assets), DIR is the actual deposit interest rate (bank's interest expense divided by the sum of total deposits and short-term loans).
Control Variables
As for other factor that influence bank's bankruptcy, this paper mainly considers two aspects including bank management and macroeconomic environment. In respect of bank management, this paper considers four variables: size, profitability, liquidity and operational efficiency. The size of bank is represented by the total assets. The profitability is represented by the return on total assets. The liquidity is represented by the ratio of loan to deposit. And the operating efficiency is represented by the ratio of cost to income. In respect of macroeconomic environment, this paper uses GDP annual growth rate represents the economic growth. The description of all variables is provided in Table 1 . 
Descriptive Statistics
Empirical Results and Analysis
Model Design
Based on the research above, this paper takes the shadow banking business development and interest rate marketization as the main independent variables to construct the model. In the model (1), "i" represents the bank entity, "t" means the year. Among them, "LnZ" means the bank's risk, and is the explanatory variable of the model.
Shadow 1 2 i t i t i t i t i t i t i t i t t i t LnZ
we considered the endogeneity of explanatory variable in our regression models and adopted GMM method to resolve the problem of endogeneity. The interaction item was added to the model (2) to further measure the effect that shadow-banking affect the risk-taking by influence the interest rate liberalization. 
Shadow Shadow 1 2 i t i t i t i t i t i t i t i t i t i t t i t LnZ
Results
This paper uses first differenced GMM model to test model (1) and (2), and conducts the robustness tests by using random effects model. Thus, the empirical test is divided into 4 sub models, the regression results are shown in Table 3 .
From the regression results of model 1-4, the regression of each model is significant, indicating that the model is reasonable. From the regression results of model 1 and model 3, the lagged term of bankruptcy risk is highly correlated.
Model 1-2, the coefficient of Shadow are significantly positive, that means shadow banking development will reduce the risk of commercial banks. This is mainly because the development of the shadow banking business increase the supply of loans, lower loan interest rates, the traditional loan business will choose to project lending with lower risk, which reduces the rate of default and bank's bankrupt risk to a certain extent. Therefore, those projects with high risk and high yield will finance through the shadow banking business with higher interest rate, which will boost the profitability of banks, and it is consistent with some scholars' research results (Dai & Fang, 2014; He & Chen, 2015) .
The coefficient of LnNIM is significantly negative, indicating a narrow interest rate spread can reduce the risk of the bank. The higher the level of marketization is, the smaller the bank's risk is, which is verified in other study (Zuo et al., 2014) . In the one hand, the reduction of the interest rate spread promote the competition in the bank section and lower the banks' profitability. In the other hand, the lending interest rate has been downward, which makes it prudent for banks to choose credit assets, and it is benefit for banks to control credit risk.
Besides, the marketization prompted the banks to transform their loan business, focus on the intermediary business, and diversify their business structure, so as to enhance the ability to resist risk. In the model 3 and model 4, the coefficients of cross terms are negative, that means the development of shadow banking will further reduce the bank's risk and enhance its ability to resist risk through reducing the interest rate spread.
As for the control variables, the coefficient of LnSize is significantly positive, indicating that the larger the size of commercial bank is, the smaller the risk it takes, which also proves the view of "too big to fall". The coefficient of LnROA is significantly positive, which indicates the improvement of profitability can effectively alleviate the risk of bank. The coefficient of LnGDP is significantly negative. Driven by the profit, bank will expand its scale of credit assets and increase the quantity of risk asset in the boom, so as to increase the risk-taking of bank, which confirms the pro-cyclicality of the bank's risk-taking.
Conclusion
Using the data of 40 commercial banks in the year of 2005-2015and the method of GMM, this paper studied in the impact of the development of shadow-banking and interest rate liberalization on the bank's risk-taking. Through the study, we found that the development of shadow banking business increased the supply of loan, improved the profitability, and alleviated the level of bank's risk. With the development of the interest rate liberalization, banks are more cautious in traditional credit business, pay more attentions in diversified business which improve profitability and enhance the ability to resist risk. At the same time, shadow banking business further enhances the ability to resist risk by the influence of reducing the gap between loan and deposit interest rate. In addition, the size of bank, profitability, and economic development are also the significant factors affecting the risk-taking of commercial banks.
Based on the study, here's some policy suggestions. First, the traditional deposit and loan business has been unable to adapt to the current environment of the financial market. In the rapid development of shadow banking business and the environment of interest rate liberalization, commercial banks should take the initiative to adjust the development of business structure, to achieve diversification, to adapt to the financial development trend, in order to enhance their profitability to resist risks in the current environment. Secondly, in the current financial environment, the authority should further improve capability of supervision and regulate the shadow banking system to prevent commercial banks to avoid supervision through the shadow banking business in disguise, thereby increasing the financial risk. Thirdly, regulators should deal with financial innovation tools like shadow banking correctly. Regulators should also guide commercial banks to make good use of the shadow banking business in order to improve their profitability, resist financial risk and help the development of financial market.
